Maize (Zea mays L.) is one of the most important crops for human and animal consumption and is grown for both grain and silage. It is now increasingly being used for the production of bioethanol. In global terms, it is the third most important nutritional crop after wheat and rice. These three crops together are the major contributors to human and animal food security. Total area coverage and output of maize in 2012 in Serbia was 1.2 Mha and 6.2 Tg, respectively. Most of the maize is produced in the province of Vojvodina in the northern lowlands of Serbia that are part of the Pannonian Plain. Droughts during the growing season are frequent in this region and are caused by climate change [1] . As a result, Pol. J. Environ. Stud. Vol. 27, No. 3 (2018), 1123-1131 
irrigation is increasingly applied to stabilize and increase maize yields. Decreasing the availability of freshwater resources is one of the major challenges of food and fiber production in many parts of the world, including Vojvodina. In such conditions the productivity and quality of maize depend strongly on irrigation. In many agricultural regions such as Vojvodina the availability and quality of irrigation water are on the decline due to climate change and growing water demand of other users (e.g., industry, environment, drinking water supply, recreation, mining, etc.). Irrigation water is becoming an increasingly limited resource in many parts of southern Europe, requiring proper irrigation treatments to increase water use efficiency and profits. In this context, limited irrigation is proposed as a useful strategy in areas where water is one of the major constraints of plant production. Foroud et al. [2] stressed that it is important to understand and predict the effect of different levels of water deficit on maize grain yield and quality in order to improve irrigation management especially when the water supply is limited.
A number of researchers have reported on the effect of deficit irrigation on maize grain yield and quality. Ge et al. [3] determined that maize grown under moderate and strong water stress conditions recorded a considerably lower yield compared to full irrigation. Limited irrigation practices affect not only grain yield, but the quality parameters as well, such as protein, starch, oil, cellulose, ash content, and mineral composition. Thitisaksakul et al. [4] have shown that drought can reduce the starch content and increase the protein content of many crops. An experiment conducted by Tarighaleslami et al. [5] found that the protein content of maize grain decreased with increasing water stress.
Recently researchers found that water stress is important for irrigation and soils. Also, conducting similar studies on different species and the different origins of the species determined to be resistant to drought in wider fields carries great importance in terms of identifying the species most resistant to drought, and in this way preparing healthy landscape planning in arid fields [6] [7] [8] [9] .
An experiment performed by Ge et al. [3] showed that strong water stress resulted in a statistically significant increase in the concentrations of N, Ca, Mg, Cu, and Zn in maize grain by about 12%, 28%, 11%, 18%, and 33%, respectively, compared to full-watered conditions. However, the same experiment also revealed a significant (P < 0.05) decrease in the starch, P, and K contents and maize grain yield by some 28%, 17%, 17%, and 375%, respectively, under strong stress conditions compared to full-watered conditions (no stress).
Information about the nutritional value and components of fresh and processed foods are essential for planning in a number of sectors such as agriculture, health, nutrition, education, industry, and food commerce [10] . The appropriate water-saving irrigation practices are urgently sought to maintain sustainable growth in cereal production [11] .
The present research was undertaken to determine the effects of different irrigation levels on yields and a number of nutrients, such as maize grain protein, oil and starch content, and the concentrations of phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), manganese (Mn), copper (Cu), and zinc (Zn) in three growing seasons under ecological conditions that exist in Vojvodina. Suitable irrigation scheduling and sprinkler irrigation are recommended to maize producers in the region. season. Table 1 shows the climate variables during the study period and growing season (April to September) perennial averages.
Materials and Methods

Site and Climate
Experimental Setup
The experiment was of a random block design, with four replications and four irrigation regimes. The surface area of the plots was 150 m 2 (7.14 m wide x 21 m long) comprised of 30 rows. The maize hybrid ZP SC 684 (FAO 600) was grown. The distance between the rows was 0.70 m and within the rows 0.26 m. Identical agro-technical measures were implemented, except for the amount of irrigation water. Irrigation water was withdrawn from an 80 m-deep well located in the experimental field. Irrigation water was applied by means of a portable sprinkler system.
Comparisons were made between three irrigation treatments: I 100 , I 75 , and I 50 , replenishing 100±5%, 75±5%, and 50±5% of the water accessible to the plants (difference in stored soil water, between field capacity and the wilting point), and rainfed treatment (I 0 ). The plants were watered when, during the full irrigation treatment (I 100 ), 40% of accessible soil water in the 0.90 m-deep top layer of soil was used up. Irrigation water amounts applied to the experimental treatments are presented in method [13] . Phosphorus content of the maizemeal was determined by the colorimetric method, K content by flame photometry, calcium and magnesium contents by EDTA titration method, and iron, manganese, copper, and zinc contents were determined by atomic absorption spectrometry [12] . All chemical analyses of maize grain were repeated three times and the results presented based on dry weight.
Statistical Analysis
The results were statistically analyzed by applying one-way ANOVA. Differences between averages were detected by the LSD test at a probability level of 5%. Pearson's coefficients of correlation between maize grain yield and quality parameters were also determined. All statistical analyses were conducted using SPSS software for Windows, version 14.0 (SPSS Inc., Chicago, IL, USA).
Results and Discussion
Response of Grain Yield to Irrigation Treatments
Maize grain yield increased in response to irrigation, but the rate of increase varied between years ( Table 2 ). The plants that received less irrigation recorded a considerably smaller yield. The rainfed (I 0 ) maize measured the lowest grain yield. There was no statistically significant difference between treatments I 50 and I 0 in 2012 -the rainiest year. Compared to the rainfed maize, treatments I 50 , I 75 , and I 100 increased grain yields on average by 23%, 33%, and 48%, respectively. The deficit irrigation treatments resulted in considerably lower yields than full irrigation (I 100 ). According to three-year averages, the highest yield (15,080 kg/ha) was achieved with the I 100 treatment. The yields in treatments I 75 and I 50 significantly decreased (13,550 and 12,540 kg/ha) with decreasing amounts of water added by irrigation. Considering all irrigation levels, treatment I 75 can be accepted as an alternative approach in the case of limited water resources for irrigation, with a considerable yield decrease. The lower grain yield of maize under water stress may be primarily due to reducing CO 2 assimilation area, net assimilation rate, leaf number and total leaf area, and yield components (ear size, number of grains per ear, and grain mass) [14] . According to Dolferus et al. [15] , the grain number is the vital yield component that is directly associated with increased grain yield in cereal crops. Bhimireddy et al. [16] reported that grain yield of no-till maize increased with increases in water input from a 75% pan evaporation (PE) to a 100% PE irrigation schedule in drip irrigation, but could not reach the level of significance at 125% PE in the semi-arid environment of India. Similar to the results of the present study, Aydinsakir et al. [17] reported the highest grain yields with full irrigation (I 100 ) and the lowest with no irrigation (I 0 ). A reduction in maize grain yield due to lack of soil water depends on many factors, such as soil, climate conditions during the growing season, drought severity and duration, stage of growth, and hybrid sensitivity to soil drought [18] .
Protein
Protein content was affected by the level of irrigation and varied considerably between the years. As shown in Table 2 , the protein content of maize grain was significantly lower in treatments that provided the most (I 100 ) and the least (I 50 ) irrigation water. The highest protein content (95.8 g/kg on average) was noted in the case of treatment I 75 . This showed that the protein content decreased if the amount of irrigation water was above or below a certain level, that is to say, proper water deficit (treatment I 75 ) was benefit to protein formation of maize grain in Vojvodina. The relatively dry growing season of 2014 resulted in a significantly higher protein content in all treatments. The high protein content under water stress can be ascribed to the increase in the activities of glutamate synthase and glutamine synthetase, which are involved in nitrogen metabolism by promoting nitrogen accumulation and increasing the protein content of maize grains [19] .
Ertek and Kara [18] studied the effects of different irrigation levels on the yield and quality of sweet corn in Turkey and reported results similar to the present study, namely that increasing irrigation decreased the protein content of maize grain. Contrary to the findings of the present research, Aydinsakir et al. [17] determined that in the ecological conditions in Antalya, Turkey, the protein content of maize grain was the highest with full irrigation (I 100 ), and significantly lower with deficit irrigation and under rainfed conditions (I 0 ). Since protein is an important aspect of maize grain production, the irrigation level for maize in the agro-ecological environment of Vojvodina should be I 75 . In all three years of our research significant (P<0.05) polynomial correlations were established between the amount of water added by irrigation and the protein content of maize grain (Fig. 1) .
Starch
As shown in Table 2 , the irrigation treatments had a significant effect on the starch content in all three study years, meaning that the rate of grain filling differed between the treatments. In the present research, the average values of starch content gradually increased with increasing irrigation water deficit, indicating that the grain filling rate was similar between the rainfed (nonirrigated) treatment and irrigated treatments. The increase was not large but statistically very significant (P<0.05). One major reason for these changes could be alterations in starch biosynthetic enzyme activity and the accumulation of starch in grain. The conclusion is that irrigation might result in qualitative and/or quantitative differences in the rate of grain carbohydrate metabolism, as well as endosperm changes that reduce the rate of starch synthesis. Zhao et al. [20] reported that mild drought increased and that a large water deficit decreased the starch content. According to Thitisaksakul et al. [4] , water stress during grain development can result in a reduced starch content due to changes in the enzyme activity responsible for starch biosynthesis.
Research conducted by Lu et al. [21] in China showed that water deficit had no effect on the starch content of fresh waxy maize. Liu et al. [22] reported that the starch content of the grain samples of maize grown with less irrigation was 3.0% smaller than with high irrigation levels.
Significant (P<0.05) polynomial correlations of the second order were established between the maize grain starch content and the amount of water added by irrigation in all three study years (Fig. 2) .
Oil
Statistical analysis revealed that the irrigation levels had a statistically significant (P<0.05) effect on maize grain oil content in all three study years (Table 2) . Treatment I 100 recorded the highest oil content (50.4 g/kg on average), followed by treatments I 75 (avg. 49.0 g/kg), I 50 (avg. 48.5 g/kg), and I 0 (avg. 47.4 g/kg). The results clearly indicate that in this research full irrigation (I 100 ) increased the maize grain oil content and that the lower irrigation levels resulted in a considerable reduction, that is to say, water deficit during the growing season of maize can result in a decrease in oil contents in grains. The above results also indicated that maize grains in our study had significantly higher oil and lower protein contents from maize exposed to high soil moisture status throughout the growing period of the crop. The oil content was significantly higher in the relatively wet season (2012) than in the dry seasons (2013 and 2014). These results are consistent with those of Ali et al. [23] , who reported that a water deficit significantly reduced the grain oil content of two maize cultivars grown under Youslava (Pakistan) environmental conditions. Other authors have reported different results. For example, Liu et al. [22] did not note any significant difference in the grain oil content of maize grown with different levels of irrigation. Considering the effect of drought stress on the grain oil content of summer maize, Ge et al. [3] stated that moderate drought increased and that strong drought decreased the oil content. One of the possible reasons for these inconsistent findings is that maize oil is an inheritable feature and that genetic factors have a greater effect than the external environment. Some earlier studies have shown that the chemical composition of seed depends on the type of cultivar, amount of irrigation water used for production, and the period taken to full maturity of cultivars [23] . Furthermore, in some earlier studies it has been reported that soil moisture deficit can affect seed chemical composition by reducing Fig. 3 . Relationship between the content of oil in maize grains and amount of irrigation water. CO 2 assimilation or through an alteration in the metabolic processes of seed chemical composition [23] .
In the present study, significant polynomial correlations of the second order were established between maize grain oil content and the amount of irrigation water (Fig. 3) . Yazar et al. [24] have reported similar findings in this regard.
Mineral Composition of Maize Grains
The mineral composition of maize grain is an important parameter that needs to be considered in human nutrition. Maize grain is an excellent and relatively inexpensive source of certain minerals, especially in underdeveloped countries. As shown in Table 3 , irrigation had a significant effect on the concentrations of macrominerals, such as K, Ca, and Mg, as opposed to P, where there was no statistically significant impact. The rainfed (I 0 ) maize measured a significantly (P<0.05) lower concentration of K than irrigated maize. The highest concentration of K was noted in treatment I 100 , but compared to the other irrigation treatments there were no statistically significant differences. The largest water deficit (I 0 ) resulted in a significant increase in Ca, relative to the irrigation treatments. However, as in the case of K, there were no statistically significant differences in Ca concentrations of maize grain between the irrigation treatments. Irrigation significantly (P<0.05) increased the concentration of Mg in the case of treatments I 75 and I 100 , compared to rainfed conditions (I 0 ) and I 50 treatment. There were no statistically significant differences between the latter two (I 0 and I 50 ). These results indicate that soil drought increased the concentration of Ca, but had an adverse effect on the concentrations of K and Mg of the maize grown in the study area. The present research revealed that the concentrations of K and Mg were more sensitive to soil drought than the concentrations of Ca and P. The lower concentrations of K in the three waterstress treatments, relative to full irrigation (I 100 ), might be attributed to evidence that the availability of K increases considerably with increasing soil water content. Ge et al. [3] pointed out that strong water stress (40±5% of full-watered) significantly (P<0.05) increased the maize grain concentrations of Ca, Mg, Cu, and Zn, compared to full-watered. However, contrary to the results reported in the present paper, Ge et al. [3] determined a significant (P<0.05) decrease in the concentrations of P and K (16.5% and 16.7%, respectively) in high water-stress treatments relative to full-watered.
Similar to macrominerals, the composition of maize grain microminerals varied in a non-uniform manner relative to the different irrigation levels (Table 4 ). In general, treatments I 75 and I 0 recorded the highest and lowest concentrations, respectively, of Fe, Mn, and Zn. The maize that received the largest amount of irrigation water (I 100 ) had the highest concentration of Cu in the grain; the order was I 100 > I 0 > I 75 > I 50 . The reduced uptake of K, Fe, Mn, Cu, and Zn from the soil (in treatments I 0 and I 50 ) was attributed to water stress, given that water plays a major role in their mobilization. These results are contrary to literature sources. For example, Ge et al. [3] showed that strong water stress (40±5% of full-watered) significantly increased (P<0.05) maize grain concentrations of Cu and Zn compared to full-watered. Unlike the results of the present study, Oktem [25] reported that sweetcorn grain concentrations of Fe, Zn, and Cu decreased significantly (P<0.01) as the soil water deficit increased, in two study years. The reason for the difference between the present results and the other two studies could be a different composition of macro-and microelements and their combinations in the soils, as well as different properties of the soils. Genetic and ecological conditions and farming practices affect the quality and chemical composition of maize grain [26] and the concentration of minerals [27] .
The considerable differences in the concentrations of the eight studied minerals in maize grown with four irrigation treatments suggests that there were different relationships with the soil water in different uptake directions and transport mechanisms. It is likely that soil drought stress improves to a certain extent the uptake routes and/or transport mechanisms of K, Mg, Fe, Mn, Cu, and Zn [3] . According to Ferreria et al. [28] , when serious soil water deficit occurs, all ions become less mobile because of the replacement of water by air in the pore spaces, thereby increasing soil tortousity and the strength of ion retention by the soil colloids, resulting in decreased absorption. On the other side, according to these authors,
Years
Irrigation levels when there is less plant growth due to severe water deficit, the content of these nutrients in plant tissue may increase. Under soil moisture deficit, there is a reduction of minerals once the protein synthesis decreases in this condition [29] . On the other hand, in response to drought stress many minerals are necessary for the synthesis of proteins responsible for antioxidant activity [30] . Maize has been the basis of the human diet since ancient times and an important source of certain minerals, especially in developing countries [29] . The low concentrations of essential microminerals in cereal grains and other crops contribute to the problem of micronutrient malnutrition. For example, almost half of the world's population is at risk of inadequate Zn intake [31] . Zhao et al. [20] reported that the lower (nutritional value):(caloric value) of crops under agronomic practices including water supply will aggravate the micronutrient malnutrition problem worldwide.
Results of our research indicate that mineral contents in the grains of maize were greatly affected by irrigation, which showed that nutrient concentrations (Mg, Fe, Mn, and Zn) in maize grain were decreased by too high an irrigation level. Whereas mild water deficit (treatment I 75 ) throughout the growing season was beneficial to mineral accumulation in maize grain, serious soil moisture deficit can lead to high decreases in grain yield of maize. As indicated above on irrigation water-applied effects, proper water conditions (I 75 treatment) over a growing season can be favorable to more mineral concentrations and higher yield in maize grain than the other.
Correlation between Yield and Nutrients
This correlation analysis is presented in Table 4 . A significant high-magnitude negative correlation was established between grain yield and starch content (r = -0.71) and Ca concentration (r = -0.70). The results indicate that if the yields decreased or increased, the maize grain starch content and Ca concentrations measured The present research, similar to a number of other studies, revealed a strong positive correlation between cereal grain concentrations of Ca, Mg, Fe, and Zn, which suggests that measures aimed at increasing the concentration of one can also increase those of other elements [27] . The present study did not establish a significant correlation between the maize grain concentration of Cu and the yield and composition of macro-and microelements.
Conclusions
The impact of irrigation level on grain yield and nutritional components varied between the study years. The climatic differences had a significant impact on yield and chemical compositions of maize grains. The results showed that it was impossible to grow maize with a water deficit without a significant decrease in grain yield. In addition, nutritional quality depended on drought severity; as the soil water deficit increased (irrigation level decreased), maize grain nutrient losses were higher. However, starch content and Ca concentration had the opposite response to increasing drought stress. Limited water resources necessitate consideration of deficit irrigation of large surfaces. As such, a 25% water deficit (I 75 ) is acceptable for maize farming in Vojvodina, on silty clay soils, and other ecologically similar regions. The results of this research might be conducive to increasing yields and improving the nutritional quality of maize grain in the studied region and neighboring countries with similar soil and climate conditions.
